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anisotropic	materials	will	 show	 retardation	 (birefrin-
gent)	 interference-colors,	whose	 intensity	 varies	with	

























Conventional	 petrographic	microscopes	 use	 two	
linear	 polarizers	 to	 produce	 images	 of	 anisotropic	
minerals.	 This	 is	 generally	 termed	 cross-polarized	
light	 (XP).	Unpolarized	 light	 passes	 through	 a	 linear	
polarizer,	which	only	allows	a	single	direction	of	polar-
ization.	This	 polarized	 light	 then	 passes	 through	 the	
sample,	generally	a	 thin	section,	where	 it	 is	 split	 into	
two	orthogonal	components.	Where	these	components	
emerge	from	the	crystal,	there	is	a	difference	in	phase	
called	 the	 retardation.	The	 components	 are	 combined	




ence	color	will	depend	on	 the	orientation	of	 the	 light	
components	with	respect	 to	 the	polarizers:	 if	 they	are	
parallel,	then	no	light	will	pass	through,	and	the	mineral	
is	said	 to	be	at	extinction.	Hence,	 the	 intensity	of	 the	
retardation	color	will	change	as	the	stage	is	rotated.
It	 is	 commonly	 taught	 that	 retardation	 colors	 all	
fall	 on	 the	Michel-Lévy	 chart.	 In	 fact,	 the	Michel-
Lévy	 chart	 shows	 the	 brightest	 interference-colors,	
visible	where	the	vibration	directions	are	at	45°	to	the	
polarizers.	If	the	stage	is	not	rotated,	then	most	of	the	




tion	 in	 a	 sample	without	 preferred	orientation	 can	be	
calculated	readily.	There	are	two	origins	for	extinction:	
1)	 alignment	 of	 the	 optic	 axis	 close	 to	 the	 vertical,	
and	2)	alignment	of	the	vibration	directions	parallel	to	
the	 polarizers.	Although	both	 effects	 apply	 to	 unique	
directions,	 in	 reality	 extinction	 extends	 over	 a	 band	
of	orientations.	The	width	of	this	band	will	depend	on	
many	factors,	but	principally	the	birefringence.	For	the	










for	±5°	 of	 each	90°	 segment,	 then	10/90,	 or	 11%,	of	
crystals	will	be	extinct.
The	technique	presented	here	uses	circularly	polar-
ized	 (CP)	 light.	This	 simple	 treatment	 is	 for	 a	 single	
wavelength	of	light.	As	before,	unpolarized	light	passes	






light	 then	passes	 through	 the	sample.	Here	 the	differ-
ences	 in	 index	of	 refraction	 for	 different	 orientations	
orthogonal	to	the	propagation	direction	will	modify	the	
shape	of	the	helix	and	make	the	light	elliptically	polar-














plates,	 this	 is	 in	 the	 range	560	–	620	nm,	 i.e.,	orange	
light.	However,	despite	this	limitation,	the	CP	technique	
works	 remarkably	well	 for	 polychromatic	 light,	 as	
departures	 from	circularity	 of	 polarization	 are	minor.	











for	 the	 determination	 of	 optic	 signs.	The	CP	method	
has	also	been	used	to	make	bomb	sights	(Gunter	2003).




for	 the	 identification	 of	 pleochroic	 colors.	Combina-
tions	of	a	linear	polarizer	and	circular	analyzer,	and	the	
inverse,	have	been	explored	principally	by	researchers	







polarizers	 and	 analyzers,	 but	 generally	 these	must	
be	 improvised.	Quarter-wave	 plates	 (also	 known	 as	









and	 the	 sample.	 In	 some	microscopes,	 an	unmounted	






Scanners	 are	very	useful	 for	 imaging	both	 regular	





same	 size	 as	 the	 thin	 section.	 Polarizing	material	 is	
available	as	rigid,	mounted	sheets,	but	unmounted	mate-
rial	 reduces	 the	 scanner–slide	 distance.	Quarter-wave	
plastic	retarder	film	is	also	available	with	good	optical	
quality.	Both	materials	 are	 inexpensive	 and	 available	
in	 large	 sheets.	 Suitable	 sources	 of	 these	materials	
































method	 to	 low-birefringence	minerals.	A	 sample	 of	
vesicular	dacite	 lava	 from	Taapaca	volcano,	 in	Chile,	
contains	abundant	plagioclase	and	minor	sanidine.	An	
image	of	 the	 feldspar	crystals	was	needed	so	 that	 the	
crystal-size	 distribution	 could	 be	 calculated	 (Higgins	
2006).	The	 simplest	way	 to	 produce	 such	 images	 is	
by	thresholding	the	image.	It	is	difficult	to	distinguish	

















crystals,	which	are	only	present	 in	 the	XP	 image,	are	
probably	due	to	slight	differences	in	the	threshold	used	
to	make	each	image.
A	 second	 example	 involves	minerals	with	 higher	
birefringence.	Figures	2D	 (XP)	and	2E	 (CP)	 are	of	 a	
gabbro	from	the	Skaergaard	intrusion,	in	eastern	Green-











addition	 to	 the	 petrographer’s	 toolkit.	 It	 is	 especially	
useful	for	producing	images	for	illustration	and	quan-
tification	of	textures.	It	is	easily	applied	to	petrographic	
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